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Cancer Informatics of diagnosis, Bethesda System for Reporting Thyroid Cytopathology (BSRTC) and Thyroid Imaging Reporting and Data System (TI-RADS). 11, 12 Consequently, establishing a concordance between the diagnostic procedures (fine-needle aspiration [FNA] and US) might reduce the health care costs as well as numbers of nonessential procedures in the population at risk could be reduced. Findings from various researches also reported that the FNA biopsy must be interpreted precisely to generate a common language among pathologists and surgeons, to enable them to establish a uniform TN management strategy. 12 Over the past few eras, thyroid cancer has been considerably rising in frequency, globally, although the mortality rate has gradually decreased, in Saudi Arabia as well. [13] [14] [15] The decreased mortality in thyroid cancer is an indication of the variations in exposure to the risk factors, as well as to the modifications in the techniques employed in disease diagnosis and treatment, whereas the spike in the incidence is possibly a reflection of the increased rate of detection of this neoplasm over the past few decades. 16 However, compared with the developed countries, studies on the prevalence, incidence, and type of thyroid cancer in Saudi Arabia continue to be inadequate because of the absence of pertinent studies performed in these specific areas. 17 Hence, this study aimed to determine the risk of malignancy in TN, employing nodule size, TSH level, as well as the Bethesda system, which enhances the evaluations of the findings from FNA cytology (FNAC) and the TI-RADS, and in turn, the analysis of the US reports among the surgically excised nodules.
Methods

Study design and setting
A retrospective analysis was conducted between January 2012 and December 2014 (36 months) using data from 1188 patients (15-90 years) on 1433 TNs at Prince Sultan Military Medical City (PSMMC), a tertiary care center in Riyadh, Saudi Arabia. The PSMMC studied the patients referred from different parts of the Kingdom, which overall, was a good representation of Saudi Arabia. The Research and Ethics Committee of PSMMC, Riyadh, Saudi Arabia, approved the study protocol.
Data collection
Data were gathered from the patients' medical charts and cytopathology reports in terms of age, sex, TSH level, cytological features, US reports of the TN, and histological types of the population under study. Once the thyroid cytopathological slides were reviewed, they were classified based on the BSRTC system. The TN characteristics from the US images were reviewed in patients who had undergone surgical interventions and had clear US images that enable the classification of TN, based on the French TI-RADS. The TN dimensions were assessed using the US findings.
TSH level (mIU/L)
In all the samples, the serum TSH (normal range: 0.4-4.5 mIU/L) was determined using the electrochemiluminescence immunoassay technique (Roche Corporation, Indianapolis, IN, USA).
Bethesda system
At present, the BSRTC is employed to distinguish among the US-FNAC thyroid specimens. 18 Cibas 19 cites that this system, introduced in 2007, includes 6 categories as mentioned: (I) Unsatisfactory (UNS) or nondiagnostic (ND), (II) Benign and nonneoplastic, (III) Atypia of undetermined significance or follicular lesion of undetermined significance (AUS/FLUS), (IV) Follicular neoplasm or suspicious for follicular neoplasm (FN/SFN), (V) Suspicious for malignancy (SM) although not diagnostic, and (VI) Malignant. One of the 5 interventional radiologists performed all the FNAs performed under US guidance, with 25-gauge needles, doing 3 to 5 passes. The FNAs were stained on-site using the Diff-Quik stain and all the samples were subjected to adequacy assessment. Five accredited cytopathologists interpreted all the slides.
Thyroid Imaging Reporting and Data System
The 315 available US images of the patients who had undergone surgical intervention were stored on the picture archiving and communication system/radiology information system. The various TNs were reviewed and described by the same radiologist, well experienced in thyroid imaging, according to the French TI-RADS classification. 20 The French TI-RADS assessment involved a 6-point scale, namely, 1-normal (absence of nodule); 2-benign (simple cyst, septated cyst, isolated macrocalcification, isoechoic spongiform nodule); 3-very probably benign (oval-shaped, regular borders, isoechoic, or hyperechoic); 4A-low suspicion of malignancy (ovalshaped, regular borders, mildly hypoechoic); 4B-high level of suspicion for malignancy (1 or 2 features indicative of high suspicion: taller-than-wide/taller-than-long, spiculated or lobulated borders, pronounced hypoechogenicity, microcalcifications, high stiffness on elastography); and 5-effectively positively malignant (exhibiting 3-5 features of high level of suspicion and/or the appearance of a presumably metastatic lymph node, of thyroid origin). The radiologist, however, is not responsible for filing the numbers nor can he access the final histological result.
Echogenicity is distinguishable into several classes, namely, hyperechogenicity (higher echogenicity of the TN than in the neighboring thyroid parenchyma), isoechogenicity (similar degree of echogenicity in the TN and surrounding thyroid parenchyma), hypoechogenicity (echogenicity lesser than that of the adjacent thyroid parenchyma but higher than that of the strap muscle around it), and marked hypoechogenicity Al Dawish et al 3 (echogenicity lower than that of the surrounding strap muscle). The margins too were classified as irregular (with indistinct and rough interface between the lesion and the adjacent thyroid parenchyma) and regular (with a smooth, clear outline).
Calcifications were categorized as microcalcifications (≤1 mm in diameter and visible as minute, punctate, hyperechoic foci, possessing or lacking acoustic shadowing, and absent comet tail artifacts) or macrocalcifications (with hyperechoic foci >1 mm). Shape was another means of categorization, as taller-than-wide (anteroposterior measurement being larger than the transverse one) or wider-than-tall (greater transverse dimension than the anteroposterior measurement). 20 As elastography was not performed for all the TNs, these criteria were considered only when present.
Histological examination
The histological examination of TNs was categorized into benign and nonneoplastic and malignant. For papillary thyroid carcinoma (PTC), subtype variants were categorized as follicular variant, classical variant, conventional variant, and tall cell variant. Furthermore, follicular thyroid carcinoma (FTC) was subdivided to widely invasive FTC, and minimally invasive FTC.
Statistical analysis
The Microsoft Excel 2010 (Microsoft Corporation, Seattle, WA, USA) and IBM SPSS Statistics (IBM SPSS Statistics for Windows, Version 22, SPSS Inc., an IBM Company) program were used for all the statistical analysis. The descriptive analysis of the epidemiological data was expressed in terms of frequency and percentages and mean ± SD. The significant difference between malignant and benign was determined using the Pearson χ 2 test. The risk estimates (odds ratio [OR]) were assessed and listed using 95% confidence interval. The OR was calculated to quantify the intensity of the presence or absence of certain characteristics linked with benignity or malignancy in the study population. The value of P < .05 was selected to imply statistical significance.
Results
From among the 1188 patients in the study (mean: 46.3 ± 15.1; range: 15-90 years, n = 976 women), 943 patients revealed the presence of a single TN, whereas 245 patients showed 2 TNs, accounting to 1433 nodules in total (FNA instances). Among the total 311 patients (26.2%) who were subjected to surgical intervention, 253 patients showed the presence of 1 TN, whereas 58 patients had 2 TNs, which culminated in a total (FNA) of 369 cases. However, 54 of the 369 nodules were either unavailable or unclear on the US; therefore, only 315 were taken for analysis ( Figure 1 ). The histological study revealed 220 of the nodules benign (69.8%) and 95 were malignant giving an overall 30.2% surgical yield of malignancy.
TSH, TN size, TI-RADS, and Bethesda
The TSH value of ≤0.4 mIU/L indicated a 16% risk for malignancy, whereas TSH value of 0.5 to 4.5 mIU/L implied 30.5% and >4.5 mIU/l was 38.2%. For TN size of <1 cm, the risk for malignancy was 48.8%, whereas for TN size of 1 to 1.9 cm, it was 40%; for 2 to 2.9 cm, it was 28.8%; for 3 to 3.9 cm, it was 29.8%; and for ≥4 cm, it was 12.7%. For the TI-RADS categories 2, 3, 4A, 4B, and 5, the risks for malignancy were 15.4%, 13.3%, 26.4%, 48.3%, and 75.6%, respectively. The Bethesda distribution for malignancy in the TNs was category V (SM) diagnoses (20 cases), in which 6 cases were benign but 14 cases (70%) histologically confirmed the 
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Cancer Informatics presence of carcinoma. Finally, in category VI diagnoses (45 cases), 5 cases were benign but 40 cases were histologically verified as having carcinoma (88.9%; Table 1 ).
Correlation of TN size, TSH, TI-RADS, and Bethesda
In Table 2 , the relationship between the TN size, TSH, TI-RADS, and Bethesda values is demonstrated. From among the 315 nodules, 79 (25%) were ≥4 cm in size. Among these 79 nodules, 4 were classified as Bethesda 5 and 6 categories, 14 fell under Bethesda III and IV categories, and 60 were benign (Bethesda II). Of the 43 (13.7%) with size <1-cm nodules, 19 belonged to Bethesda categories V and VI, 10 were included in Bethesda III and IV categories, and 13 were benign in FNA but were surgically excised as the patient also had a second and bigger nodule. Greater numbers of nodules (n = 256) were noted at the TSH 0.5 to 4.5 level and most of them belonged 
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to Bethesda VI category (n = 36; Table 2 ). TI-RADS 3 was higher in the Bethesda 2 category (n = 112) at TSH 0.5 to 4.5 mIU/L higher among Bethesda 2 (n = 132).
Factors associated with malignancy
A comparison of the various parameters studied in both the TN groups (malignant and benign TNs) is reported in Table 1 . Significant differences between the 2 groups (benign and malignant) were evident when a comparison was made of the TSH level, TN size, Bethesda, and TI-RADS categories (P < .001). Factors that achieved statistical significance in the univariate analysis (χ 2 test) were analyzed to determine any independent associations with malignancy using the logistic regression model. Patients with TSH levels of 0.5 to 4.5 mIU/L (OR: 2.96) and >4.5 mIU/L (OR: 6.54) were at a higher risk for malignancy than those with TSH levels of ≤0. (Table 3) .
The histopathological examination of type and variants of thyroid cancer is shown in Figure 2 . Among the study population, the papillary carcinoma was the most common form of thyroid cancer (n = 86, 90.5%). Among PTC, 4 histologic variants exist, with classic variant PTC reported for higher number (n = 43, 50%) of PTC followed by follicular variant PTC (n = 31, 36%). Besides, 7 of malignancies were FTC (including 1 of the highest risk widely invasive phenotype), 1 of anaplastic thyroid carcinoma, and 1 of medullary thyroid carcinoma.
Discussion
Nodules that are malignant or symptomatic and cause compression to the adjoining structures necessitate surgical excision. However, as most TNs are asymptomatic and benign, the thyroid surgeon is dependent on diagnostic studies to decide when surgery is necessary. 21 This study aimed at a clear understanding of the roles of TSH, US, and the cytological classification system in predicting malignancy. In this study, we found that 79 (25%) of the 315 nodules were ≥4 cm in size. Four of these belonged to Bethesda categories V and VI, whereas 14 were included in Bethesda categories III and IV and 60 were benign (Bethesda II). Ten nodules ≥4 cm (12.7%; 10/79) were malignant in the final histology, and regression analysis finding [22] [23] [24] Moreover, it is most often recommended that the larger TNs (≥4 cm) undergo surgical ablation as they are of concern for cancer, even if signs of compression or esthetic concerns or structural infringement on the adjacent neck structures or suspicious characteristics are completely absent. 25 This could be partly because size has been established as a strong predictor of malignancy in other nodules like those of the adrenal gland. Furthermore, Kamran et al 26 in a retrospective study including 7348 TNs recorded that 13% were malignant (927), of which were those with sizes of 1.0 to 1.9 cm diameter, 10.5% were cancerous. On the contrary, of the nodules >2.0 cm in size, 15% were cancerous (P = .01). However, nodules showing dimensions of 2.0 to 2.9, 3.0 to 3.9, and 4 cm were cancerous in 14%, 16%, and 15% of the instances (P = .14), respectively, revealing the absence of a graded rise in the risk of cancer once the 2-cm threshold was crossed. Overall, more than one-third of the surgically excised nodules were identified as malignant (95/315) in the current population under study; of those <1 cm, nearly 50% showed malignancy, whereas 40% of those in the range of 1.0 to 1.9 cm in diameter were cancerous. This finding was possibly because such nodules are recommended for surgical intervention, only if suspicions of malignancy arise. These nodules (<2 cm), in our observations, revealed that most of them in their FNA report classified as having Bethesda categories III, IV, and V. On the contrary, nodules >2.0 and <4 cm (2.0-2.9, 3.0-3.9) showed almost 30% cancerous symptoms. Between 2 and 4 cm, the risk becomes more stable, although one-third of the nodules are malignant. In nodules >4 cm, the risk is reduced due to the other indicators for surgery, such as compressive symptoms or esthetic reasons as well as the decision taken by specific surgeons and practices. However, the regression analysis of this study showed that the risk for malignancy was not related to size of the TN. Previous studies also reported that the nodule size was not a variable linked with malignancy risk; it had to be examined cautiously and included with the other clinical symptoms and TN investigation tools, which concurs with the earlier results. 27, 28 A large number of the patients (81.3%) in this study reported TSH values between 0.5 and 4.5 mIU/L; of these, 10.8% had TSH level >4.5 mIU/L, whereas 7.9% had TSH level ≤0.4 mIU/L. At the TSH values of ≤0.4 mIU/L, the risk for malignancy was 16%, compared with 38.2% when the value was >4.5 mIU/L. The preoperative mean TSH levels were notably higher in the patients having malignant TNs compared with the TSH concentrations in the benign nodules (4.87 ± 1.2 mIU/L versus 1.23 ± 0.76 mIU/L). The TSH was a reliable predictor for malignancy when TSH levels rose above >4.5 mIU/L, as confirmed by the findings of this study using regression analysis. The results of several studies concur with the findings of this study and even relate the higher TSH to the more aggressive form of thyroid cancer, being connected with the extrathyroidal spread of the disease. When compared with the untreated patients, those with multinodular goiter and receiving thyroxine exhibited notably lower serum TSH and occurrence of PTC. There was a positive correlation between nodule size and the TSH levels; however, some studies did not report any relationship between the TSH level and risk of malignancy. [29] [30] [31] [32] It is, therefore, important to note that several TNs could in reality be toxic thyroid adenomas, especially when low TSH levels are observed. In this context, some authors recommend scintigraphy to be done using 99mTC-sodium pertechnetate to assess the uptake of the TN greater than 1 cm in size and to refrain from unnecessary surgical interventions in the event of a hyperfunctioning or "hot" nodule. 33 
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The percentages of the risk of malignancy for each of the Bethesda categories found in this study are similar to the values reported in the American Thyroid Association Management Guidelines and other studies. The comparisons are as follows: 25% versus 9% to 32% ("nondiagnostic or unsatisfactory" category), 10.7% versus 1% to 10% ("benign and nonneoplastic" category), 18.9% versus 6% to 48% (AUS/FLUS), 70% versus 53% to 97% ("suspicious for malignancy" category), and 88.9% versus 94% to 100% ("malignant" category). Of those in the Bethesda IV class, 37.5% faced the risk of malignancy, which bears close similarity to the meta-analysis recently published by Bongiovanni et al, with a 14% to 34% reported value (FN/ SFN). However, in many studies, the greatest variation for the risk of malignancy was seen in category 4, some with the higher malignancy rate (50%-67%) than in the present results. 34 From the correlation performed of the TI-RADS with the final histological findings, the probability of malignancy was found for the TNs in TI-RADS category 2 to be 15.4%, whereas for those with TI-RADS 3, it was 13.3%; it was 26.4% for TI-RADS 4A and 48.3% for TI-RADS 4B, whereas the probability of malignancy for TI-RADS 5 was 75.6%. These results concur with the positive predictive value of the French TI-RADS (bearing a close similarity to the classification of the New American Thyroid Association) for stages 4B and 5 alone. The disparity in the risk of malignancy from stages 2 to 4A could possibly be due to the few numbers of patients possessing the final histology, difference in ethnic origins, and retrospective character of the study, which can cause difficulties in interpreting the US images, and the lack of elastography. However, when the regression analysis of this study was compared with the TI-RADS 2 patients of categories 4B (OR: 1.35) and 5 (OR: 2.3), they revealed a higher degree of risk than those with TI-RADS category 2. The TI-RADS 3 findings (13.3%) are comparable with the reports of Hovrath et al 35 , who recorded a 14.1% risk of malignancy in those with TI-RADS 3. However, the current TI-RADS 3 findings are lower than the ones cited by Park et al, in 2009 (31.1%), and Chandramohan et al, in 2017 (32%), but higher than the results of the French TI-RADS (0.25%). 15, 20, 35, 36 Identical results were reported for the 4A, 4B, and 5 TI-RADS categories. In this study, only a single radiologist interpreted all the US recordings to circumvent such interobserver variations, especially of those ignorant of the FNA/ histology findings. Several authors have separately stratified the risks for each TI-RADS category, although as in this study, they all revealed a common pattern, with the malignancy risk rising from the categories of TI-RADS 2 to TI-RADS 5. In this cohort study, the TI-RADS 4A and 5 were identified as strong predictors of malignancy (Table 4) .
This study stated PTC (90.5%) as the most commonest type of thyroid cancer among the study population. This result confirmed by the previous findings reported that overall PTC as the commonest type of thyroid cancer denotes 80% of all the thyroid malignancies and more than 90% of the differentiated thyroid cancers. A spurt in the occurrence of PTC over the earlier eras has triggered greater interest in this disease. 14 The FTC is not being identified as frequent, although there is an growing incidence of well-differentiated thyroid carcinomas everywhere else, 14 concurring with the findings of this study.
Strength and limitations
This study is robust as it is simple and practical for a predictive score as a record-based tool that uses a combination of easily acquired predictors. When used as a decision aid, this category could potentially enable clinicians to reduce the number of nonessential invasive interventions done in low-risk individuals of those having unconfirmed or insufficient FNAs. Furthermore, the data for this study were drawn from a tertiary care center in Saudi Arabia and as it includes patients referred from various parts of the Kingdom, it is regarded as an acceptable representation of the country in general. The 30.2% malignancy rate seen in this sample concurs with the occurrence of malignancy in the tertiary care referral milieu.
We acknowledge the limitations inherent in this study, which principally include some degree of lack of histological confirmation for all the patients and its retrospective character. A greater number of histologically confirmed patients and a prospective study in future will enhance the findings. Also, although most of the cytologically benign nodules were categorized as benign, most frequently they were not subjected to a repeat FNA or surgical resection to verify the precision of this cytological detection. Nevertheless, in Saudi Arabia, this cohort constitutes the largest obtainable analysis of consecutive patients recommended for US evaluation and US-guided FNA of all the clinically pertinent nodules.
Conclusions
The management of TNs could be improved if an effective predictive model for malignancy could be drawn up, using the combined characteristics of the TSH, US, and cytological classification system, to enable clinicians across the world to minimize the invasive surgical procedures in patients with low-risk TNs.
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